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[57] ABSTRACT

Disclosed are a silver halide grain comprising 8 or 12
concavities on the surface, and a photographical light-
sensitive material containing a silver halide grain having
8 to 12 concavities on the surface.

According to the present invention, there can be ob-
tained silver halide grains having still higher sensitivity
and also improved in the relationship of sensitivity-fog

~ as compared with those of the prior art, and also a

light-sensitive silver halide material by use of an emul-
sion containing said grains.

19 Claims, 3 Drawing Sheets
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1

SILVER HALIDE GRAIN AND LIGHT-SENSITIVE
PHOTOGRAPHIC MATERIAL CONTAINING
SAID SILVER HALIDE GRAIN

BACKGROUND OF THE INVENTION

This invention relates to a light-sensitive silver halide
grain suitable for higher sensitization, a method for
producing the same and a light-sensitive silver halide
photographic material containing the same.

In recent years, extremely high levels of photo-
graphic characteristics of silver halide emulsion have
been demanded such as high sensitivity, excellent grain-
iness, high sharpness, low fog density, high maximum
density, etc. Improvement of these characteristics is
attributable to how sensitivity of silver halide grains
contatned in the emulsion to light is enhanced. That is,
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halogen ions in an amount theoretically determined to
the reaction system and sufficient stirring are required
under strict control of pAg and pH, as described in

Japanese = Unexamined patent Publication No.
48521/1980. The silver halide grains produced under

‘such conditions comprise the so called normal crystals

having a shape of either cube, octahedron or tet-
radecahedron, which have been known to be highly
sensitized.

Also, as the silver halide grains which can give fur-

ther higher sensitivity, Japanese Unexamined patent
Publication No. 35440/1986 and No. 83531/1986 dis-

- close silver iodobromide grains having the (110) face
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if grains having high sensitivity can be obtained, it be-

comes possible to make finer the silver halide grains for
obtaining a light-sensitive material with a desired sensi-
tivity, whereby its image quality, fog, etc., can be im-
proved as 1s well known in the art. In the prior art, the
demand for high sensitization has been primarily di-
rected to light-sensitive material for nega using silver
iodotromide emulsion, but recently higher sensitization
is also demanded strongly for the purpose of improving
efﬁcnency In print working for the light-sensitive mate-
rial using silver chlorobromide emulsion for color pa-
per, etc., which has been accepted as having relatively
low sensitivity. Thus, under the present situation, devel-
opments of higher sensitization techniques applicable

for silver halide grains having various silver halide

compositions have been continued.
Responding to these demands, as a high sensitivity
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emulsion, an emulsion containing 0 to 15 mol % of 35

iodine in the form of silver iodobromide has been well
known. As the methods for preparing these emulsions,
there have been heretofore known the methods for

controlling pH condition, pAg condition such as the

ammonia method, the neutralization method, the acidic
method, etc., and the mixing methods such as the single
jet method, the double jet method, etc.

In order to accomplish further higher sensitivity, fine
graininess, high sharpness, low fog on the basis of these
known techniques, more precise technical means have
been developed and researches have been made in silver
1odobromide emulsion about emulsions in which not
- only crystal habit, grain size distribution, but also the
concentration distribution of iodine within individual
silver halide grains are controlled.

The most orthodox method for accomplishing h1gh
photographic performances as mentioned above is to
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enhance quantum efficiency of silver halide grains, and

the research speculating on the influence of grain size
distribution by calculating theoretically quantum effi-
ciency is reported in, for example, preliminary textbook
of Tokyo Symposium concerning progress of photogra-
phy in 1980, “Interactions between Light and Materials
for Photographlc Applications”, page 91. According to
this research, it is suggested effective for improvement
of quantum efficiency to use a mono-dispersed emulsion
having a narrowed grain size distribution. Further, in
the step of chemical sensitization practiced after forma-

tion of grains, a mono-dispersed emulsion may be con-

sidered advantageous for accomphshmg high sensitivity
with good efficiency while maintaining low fog.

For producing industrially a mono-dispersed emul-
ston, control of the speed for feeding silver ions and
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and semi-(110) face, respectively. Also, in Japanese
Patent Publication No. 42737/1980, there is disclosed a
photographic emulsion containing rhombododecahe-
dral silver chlorobromide grains having the (110) face
as having smaller fog. Further, Japanese Patent Appli-
cations No. 20593/1986 and No. 35585/1986 disclose
photographic emulsions containing silver bromide, sil-
ver iodobromide, silver chlorobromide, silver chloroio-
dobromide having the (nn1) face, and it is shown that
the (nn1) face has the same meaning as the above men-
tioned semi-(110) face.

The silver halide grains having the (110) face and the
(nnl) face as described above can afford considerable
Improvements in aspects of sensitivity or fog, but they
cannot be said to be satisfactory yet as seen from the
levels of performances demanded presently for light-
sensitive materials, and under the present situation sil-
ver halide grains with further higher sensitivity and
lower fog have been required.

SUMMARY OF THE INVENTION

An object of the present invention is to provide silver
halide grains having still higher sensitivity and also
improved in the relationship of sensitivity-fog as com-
pared with those of the prior art, and also a light-sensi-
tive silver halide material by use of an emulsion contain-
ing said grains.

The present inventors have made various investiga-
tions and consequently found that the above object can
be accomplished by silver halide grains comprising 8 or
12 concavities on the surface and a light-sensitive mate-
rial having at least one light-sensitive layer by use of a

photographic emulsion containing said grains.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 4 are ones to illustrate formation process
of the silver halide grains according to the present in-
vention. FIG. § is a microscopic photograph of the

‘silver halide grains of the present invention and FIGS.

6 and 7 are microscoPic photographs of comparative
silver halide grains.
In the above FIGS,, 1, 2, 3, 4 and 3§ denote (110) face,

(111) face, (100) face, (nnl) face and a central ridge line

of (110) face, respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The silver halide grain of the present invention has 8
or 12 concavities on its surface as mentioned above, and
the composition of the silver halide constituting the

‘grain ‘is not particularly limited, but silver chloride,

silver bromide, silver chlorobromide, silver iodobro-
mide, silver chloroiodobromide, etc., may be included
as preferable composnmn For the sﬂver halide as men-
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tioned above containing silver iodide, those containing
40 mol % or less of silver iodide are preferred.

The silver halide grain of the present invention may
be one having 8 or 12 concavities on the surface, and Its
preparation method is not particularly limited, but it is
preferable to use the method in which the grain com-
prising a normal crystal of the silver halide of the above
- composition is treated for a certain period of time under

- pAg which is higher than the average pAg of the

- mother liquor during formation of said grain.

The crystal habit of the grain to be treated is not
particularly limited, but it is preferable to use a grain
having (110) and/or (nnl) face.

The above grain having (110) face or (nnl) face can
be prepared by the method as disclosed in, for example,
Japanese patent Publication No. 42737/1980, West Ger-
- many patent No. 2932185, Japanese Unexamined patent
- Publication No. 222842/1985, Japanese patent applica-

- tion No. 158111/1984 or Japanese patent application
No. 202765/1984. The crystal habit of the grain of
- which outer surfaces are all constituted of (110) faces is
rhombododecahedron (FIG. 1), but the silver halide
grain to be applied with the deformation treatment in
the present invention is not limited to this, but it may
have outer surfaces having (100) face and/or (111) face
combined in various forms which will appear in con-
ventional silver halide grains, and therefore a diversity
- of forms may be included. As examples, those having 6
(six) (100) faces, 8 (eight) (111) faces, 12 (twelve) (110)
faces (FIG. 2) as described in the above Japanese patent
- application No. 158111/1984 may be included.

The silver halide grain has different physical proper-
ties depending on which one of the crystal faces (100),
(1 10) or (111) appears on the surface of the silver halide
grain, and when this is placed in an atmosphere with a
. relatively high solubility of silver halide, the respective
crystal faces will be dissolved at different dissolving

- rates. More specifically, under the condition with
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whereby the grain having 8 concavities is considered to

- be formed.
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greater dissolving rate of the (110) face as compared

with other faces, the portion of the (110) face of the
grain surface is dissolved to form 12 concavities on the
grain surface. On the other hand, under the condition of
greater dissolving rate of the (111) face than the dis-
- solving rate of other faces, the portion of the (111) face
of the grain surface is dissolved to form 8 concavities.
The silver ions and the halide ions formed by dissolving
at this time will be recrystallized on other crystal faces
with smaller dissolving rate, whereby fine silver halide
crystal having distinct concavities and convexities can
be obtained. |

Also, in the rhombododecahedron (FIG. 1) of which
outer surfaces are all constituted of (110) faces, similar
deformation of the grain is possible and 12 concavities
are formed under the condition with greater dissolving
rate of the (110) face. On the other hand, under other
conditions, the apex (b) in FIG. 1 is dissolved to form 8
concavities. Even in the fine silver halide crystal which
appears to be constituted of rhombododecahedron,
namely only of (110) faces in the electromicroscope
~ photograph, (100) face or (111) face may be considered
to exist microscopically near its apex. That is, the apex
(a) in FIG. 1 is oriented toward the direction of [100]
and 1n the vicinity thereof (100) face would exist, while
the apex (b) is oriented toward the direction of [111],
and in the vicinity thereof (111) face would exist.  Ac-
cordingly, when the grain is exposed to an atmosphere
where the dissolving rate of the (111) face becomes
greater, dissolution will occur from near the apex (b),
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Also, in the grain havmg the (nn1) face in place of the
(110) face as shown in FIG. 3 and FIG. 4, under the
condition with greater dissolving rate of the (nnl) face
as compared with other faces, 24 concavities should be
theoretically formed on the grain surface. However,
when the (nnl) face is dissolved, in most cases, the
dissolving speed in the vicinity of the ridge line 5§ (FIG.
3), (FIG. 4) becomes the greatest and consequently, the
adjacent concavities are linked to form substantially 12
concavities.

When the grain is placed under the condition with

equal extent of dissolving rate of the (110) face and the

dissolving rate of the (111) face, or the condition is
varied in the course of the deformation process of the
grain, an intermediate grain between the grain having 8
concavities and the grain having 12 concavities will be
formed, and such a grain is also included in the present
invention.

Also, 1t 1s possible to prepare the silver halide grain of
the present invention from the grain having microscopi-
cally no (110) face or (nnl) face, namely the grain of
which outer surfaces are constituted only of (111) face
and/or (100) face. That is, when the grain as mentioned
above is placed under the condition where the (111)
face is preferentially dissolved, partial dissolution oc-
curs to form the grain having 8 concavities. Also, in the
grain having (111) face and/or (100) face, the (110) face
or the (nn1) face may be considered to exist microscopi-
cally on its side, and therefore under the condition
where the (110) face or the (nnl1) face is preferentially
dissolved, the silver halide grain having 12 concavities
of the present invention can be obtained.

As described above, the silver halide grain of the
present invention can be obtained by deformation treat-
ment of the silver halide grain having various crystal
habits under high solubility conditions, but the grain
before deformation should preferably have the (110)
and/or (nn1) face as mentioned above, and it is most
preferred to use the grain having the (nnl) face with
respect to rapid deformation speed.

The silver halide grain having 8 or 12 concavities .
obtained as described above has a great difference in
physical and chemical properties between the concavi-
ties and the convexities, and therefore it may be consid-
ered that sensitizing means such as chemical sensitiza-
tion, reduction sensitization, optical sensitization, etc.,
subsequently effected can be applied more effectively to
give a silver halide grain with extremely high sensitiv-
ity.

The timing when the above deformation treatment is
performed is not particularly limited, but it may be
practiced at any time during the preparation steps of
stlver halide emulsion, even in two or more steps, but it
is preferable to be practiced at a period before initiation
of chemical aging including the step of forming silver
halide crystals, most preferably on completion of forma-
tion of crystals, namely immediately before initiation of
the desalting step.

The silver halide grains according to the present
invention can be formed by use of various known mix-
ing methods such as the single jet method, the double jet
method, etc., under the various known conditions such
as the ammonia method, the neutralization method, the
acidic method, etc., but it is preferable to use the
method in which the grains are formed by the double jet
method according to the ammonia method recipe by use
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. of an ammoniacal silver nitrate as the silver i 1on selutron
In this case, the concentration of free ammonia should

- preferably 7 or higher. The pAg may be 6 or higher,
. preferably 7 or higher, more preferably 8 or higher. The

size distribution of the grains may be poly-dispersed, but =

- 1t 1s preferable to use mono-dispersed grains. _
- For formation of 8 or 12 concavities on the surface of
- the silver halide grain obtained as described above, it is

- preferable to use the method in which treatment is con-
~ ducted under pAg which is higher than the average
~ pAg of the mother liquor during formation of said
- . grain. Practically, in the case of silver bromide, silver
- iodobromide, silver chloroiodobromide, preferable pAg

value is 9 or higher, more preferably pAg 1s adjusted to

' 10 or higher. On the other hand, in the case of silver
- chlorobromide,. preferab_le pAg i1s 7.0 or higher, more

preferably 8 or higher.
- For the light-sensitive material of the present inven-

- obtained as described above having an average grain

~size of 0.1 to 3.0 um may be preferably used. =
One of the most preferred embodiments of the pres— o
. ent invention is to mix the silver halide grain having
~ (110) face and/or the (nn1) face with an ammoniacal -
silver salt solution and a halide solution according to the

. double jet method and, after completion of mixing,

- leave the mixture at enhanced pAg to stand at a con- -
stant temperature for a certain period of time before.

' ~entering the desalting step. The pH during this period

ity is higher. To mention an example, in the case of

~ silver bromide of which outer surfaces are all consti-
- tuted of (nn1) faces, it takes about 15 minutes under the
- condttions of 50° C,, pH 7.5 and pAg 9.8; 5 minutes at

pAg 10.4; but desrred grains can be obtamed within 1
minute at pAg 10.8.
The silver halide grain of the present invention can be

P

‘sensitization can be effected with the use of active gela-

- tin, noble metal sensitizers such as water-soluble gold

. be preferably 0.1N or higher, more preferably 0.2N or
- higher. The pH should be preferably 6 or higher, more

salts, water-soluble platinum salts, water-soluble palla- =~
- dium salts, water-soluble rhodium salts, water-soluble
- iridium salts, etc.; sulfur sensitizers; selenium sensitizers;

- chemical senSItlzers such as reduction sensitizers as

~ mentioned above, etc., either 'singly or in combination.
Further, the silver halide grain can be optically sensi- =~

“. tized to a desired wavelength region. The optical sensi-~ -
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tion, the silver halide grains of the present: invention -

25

tization method for the emulsion of the present inven-

tion i1s not partleularly limited, but optical sensitization
. can be effected by using optical sensitizers, including
- cyamne dyes or melocyanine dyes such as zeromethine =

- dye, monomethine dye dimethine dye, trimethine dye, =
etc., either singly or in combination (for example, ultra-
S 'color sensitization). These techniques are also described. I
- in -U.S. Pat. Nos. 2,688,545, 2,912,329, 3,397,060,
3,615,635 and 3,628,964; UK. patent Nos. 1,195,302,
- 1,242,588 and 1,293,862; West Germany patent Nos. =~

(OLS) 2030326 and 2 121 780; Japanese patent Publica-

tions No. 4936/1968 and No.. 14030/ 1969, etc. Itcanbe

-selected as desired depending on the wavelength region -

- to be sensitized, sensitivity, the purpose of the llght-sen-' '

- sitive material, the use, etc. | | _
The silver halide grain of the present invention may =

be provided for use as such, or alternatively two or

- more kinds of grains with different average particle

30
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sizes may be blended at any desired time after formation

of the grains to obtain a desired gradation before use.
Otherwise, it can be also used as a mixture with silver =~
| | .hallcle grains other than that of the present invention.
- may be within the range as mentioned above. The per-

- 10d of ireatment may differ depending on pH, pAg and
o ﬁtemperature but 1t 1s shorter as the silver halide solubil-

~ As the binder for the silver halide grain according to

lthe present invention or the. dlspersmg medium to be =~
- used for preparation of said grain, hydrophilic colloids

conventionally used for silver halide emulsion can be

used. As the hydrophilic colloid, not only gelatin - N

- (which may be either lime-treated or acid-treated), but

applied with reduction sensitization at any desrred time

during the preparation steps. -
Reduction sensitization may be performed by stirring
the emulsion under low pAg condition; namely by sil-

- ver aging, or alternatively by use of a suitable reducing

agent such as stannous chloride, dlmethylamme borane,
hydrazine, thiourea dloxlde, etc.

The silver halide grain of the present invention may
be also applied with doping with various metal salts or
metal complexes during formation by precipitation of
silver halide, during growth of grains or after comple-

also gelatin derivatives, polymeric grafts of gelatin,
synthetic hydrophilic polymeric materials, natural hy-

drophilic polymeric materials other than gelatin can be
employed. The emulsion containing the silver halide

- grain according to the present invention can contain
- various additives conventionally used depending on the

- purpose. These additives may include, for example,

435
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tion of growth. For example, metal salts or complex

salts of gold, platinum, palladium, iridium, rhodium,
bismuth, cadmium, copper, etc., or combinations
thereof may be applicable.

The excessive halide compounds, or salts or com-

pounds such as nitrates, salts of ammonia, etc., which

- are by-produced or bacame unnecessary, fermed during
preparation of the silver halide grain of the present

33

invention may be removed from the dlspersmg medium

of said grain. As the method for removal, it is possible to
use the Noodel water washing method, the dialyzing
method or the eoagulatlen precipitation method, etc.,
conventionally used in general emulsions.

stabilizers or antifoggants such as azaindenes, triazoles,

- tetrazoles, imidazolium salts, tetrazolium salts, polyhy-

droxy compounds, etc.; film hardeners such as aldehyde
type, aziridine type, inoxazele type, vinylsulfone type,
acryloyl type, carbodiimide type, maleimide type,
‘methane sulfonic acid ester type, -triazine type, -etc.:

developing promotors such as benzy! alcohol, polyexyf-
ethylene type compounds; image stabilizers such as

chroman type, chramane type, bisphenol type, phos-
phite ester type; lubricants such as wax, glyceride of
higher fatty acids, higher alcohol esters of hlgher fatty

acids, etc. Also, various anionic, cationic, nonionic or

amphoteric surfactants may be available as the coatlng
aid, the agent for improving penetrability of processing
liquors, etc., the defoaming agent or the material for

~controlling various physical properties of the light-sen-

sitive material. As the antistatic agent, diacetyl cellu-
lose, styrene perfluoroalkylsodium maleate copolymer,
alkali salt of the reaction product of styrene-maleic

~ anhydride copolymer and p-aminobenzene sulfonic

63

~ Also, for the silver halide grain of the present inven- "
tion, various chemical sensitization methods applied to |

general emulsions can be applled That is, chemical

acid, etc., may be effectively used. As the matting agent,

there may be employed polymethyl methacrylate, poly- o

styrene and alkali-soluble polymer, etc. Further, it is
possible to use colloidal silicon oxide. Also, as the latex
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to be added for improvement of film properties, there
may be employed copolymers of acrylic acid ester,
vinyl ester, etc., with other monomers having ethylene
groups. Examples of the gelatin plasticizer may include
glycerine, glycol type compounds, and examples of the
thickener may include styrene-sodium maleate copoly-
mer, alkyl vinyl ether-maleic acid copolymer, etc.

The silver halide grain according to the present in-
vention can be applied effectively for light-sensitive
photographic materials for various uses such as for
black-and-white in general, for X-ray, for color, for IR,

d

10

for micro, for silver dye bleaching method, for reversal,

for diffusion transfer method, etc.

The emulsion having the silver halide grain of the
present invention can have abundunt latitude by mixing
~at least two kinds of emulsions with different average
grain sizes or different sensitivities, or by coating plural
layers. For applying the silver halide grain according to
the present invention to light-sensitive photographic
matenal for color, the method and the materials used
for the light-sensitive material for color may be em-
ployed such as incorporating cyan, magenta and yellow
couplers in combination into the emulsion containing
the silver halide grain according to the present inven-
tion controlled to red-sensitive, green-sensitive and
blue-sensitive. As the yellow coupler, open chain keto-

methylene type couplers may be employed. Among
them, benzoylacetoanilide type and pivaloyl-acetoani-
lide type compounds are useful. |

- As the magenta coupler, pyrazolone type com-
pounds, indazolone type compounds, cyanoacetyl com-
pounds can be employed, while as the cyan coupler,
phenol type compounds and naphthol type compounds
may be employed.

In the light-sensitive silver halide photographic mate-
rial of the present invention, each of the red-sensitive
emulsion layer, green-sensitive emulsion layer and blue-
sensitive emulsion layer may consist of two or more
layers. For example, in the color nega light-sensitive
photographic material, usually two layers or three lay-
ers may be preferably used. Said each emulsion layer
may be provided by coating at any position which can

15
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be determined as desired depending on the purpose of |

use. When a plural number of the same color-sensitive

layers are used, they can be provided by coating sepa-
rately from each other.

The emulsion layer containing the silver halide grain |

according to the present invention can be applied to any
desired layer of these light-sensitive layers. When each
color-sensitive layer consists of two or more layers with
different sensitivities, the effect of the present invention
- 1s greater when applied to the layer with higher sensi-
- tivity than when applied to the layer with lower sensi-
tivity.

As the support of the light-sensitive photographic
material, for example, there may be suitably selected
depending on the purpose of use of the respective light-
sensitive photographic material from baryta paper,
polyethylene coated paper, polypropylene synthetic
paper, glass, cellulose acetate, cellulose nitrate, polyvi-
nylacetal, polypropylene, polyester film such as poly-
ethylene terephthalate, etc., polystyrene and other con-
ventionally used materials. |

These supports may be applied with subbing working
if necessary. -

The light-sensitive photographic material having the
silver halide grain according to the present invention

45
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can be subjected after exposure to developing process-
Ing according to a conventionally used known method.

The black-and-white developing solution is an alkali
solution containing a developing agent such as hy-
droxybenzenes, aminophenols, aminobenzenes, etc., and
otherwise can also contain sulfites, carbonates, bicar-
bonates, bromides and 1odides, etc., of alkali metals. On
the other hand, when said light-sensitive photographic
material is for color, it can be color formed according to
the color forming method conventionally used. Ac-
cording to the reversal method, development is first
effected with a black and white nega developing solu-
tion and then white light exposure is given or treatment
In a bath containing a fogging agent is effected, and
further color development is carried out with an alkali
developing solution containing a color developing
agent. The processing method is not particularly lim-
ited, but all processing methods can be applied. For
example, a typical system comprises performing color
developing, bleach-fixing processing, and further water
washing, stabilizing processing, if necessary. Alterna-
tively, another system comprises performing color de-
veloping, then bleaching and fixing separately, and
further water washing and stabilizing processing, if
necessary.

The present invention is described in detail below by
referring to Examples, by which the present invention is
not limited at all.

In the following Examples, the fluctuation coefficient
used for indicating the grain size distribution state of the
grains is a coefficient determined by the formula shown
below, and the grain size distribution is narrower as this
value 1s smaller, indicating higher mono-dispersibility.
The grain size is defined as the length of one size of the
cube with the same volume.

Standard deviation of

Fluctuation _ grain size distribution

coefficient (%)  Average grain size x 10

EXAMPLE 1

By use of the five kinds of solutions shwon below,
silver iodobromide grains (EM-1 to 3) containing 6 mol
% of silver iodide were prepared. The seed emulsion
was a mono-dispersed silver iodobromide emulsion
containing 6 mol % of silver iodide, said emulsion
grains having an average grain size of 0.8 um and a
fluctuation coefficient of grain size distribution of 10%.

~ {Solution A-1)
Ossein gelatin 22.5 g
“Distilled water | 6850 ml
Polyisopropylene-polyethyleneoxy- 20 ml

65

disuccinic acid ester sodium salt 109%
Ethanolic aqueous solution

4-Hydroxy-6-methyl-1,3,3a,7-tetra- amount as shown

azaindene in Table 1
28% Agqueous ammonia solution 469 ml
56% Aqueous acetic acid solution 258 ml

Seed emulsion amount correspond-

ing to 0.8828 mol

(Solution B-1)

Ossein gelatin 24 ¢

KBr 038 g

KI 83.6 g
4-Hydroxy-6-methyl-1,3,3a,7-tetra- amount as shown
azaindene | in Table 1
Distilled water 1978 mi
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-continued
(Solution E-1) |
AgNQO; | 1109 g
28% Aqueous ammonia solution | 904 ml 5
Made up to 1866 ml with addition of

distilled water.
(Solution F-1}

30% aqueous KBr solution

amount necessary

for pAg adjustment
(Solution G-1)

56% Adqueous acetic actd solution

10

amount necessary
for pH adjustment

At 50° C., by means of a mixing stirrer as disclosed in
Japanese Unexamined Patent Publicaitons No. 15
92523/1982 and No. 92524/1982, the solution A-1 was
mixed with a solution E-1 and the solution B-1 accord-
ing to the simultaneous mixing method. The pAg, pH
and the addition rate of the solution E-1, and B-1 during
mixing were controlled as shown in Table-2 for EM-1, 20
2 and as shown in Table 3 for EM-3. The controlling of
the pAg and pH were carried out by using a flow rate
variable roller tube pump while varying the flow rates
of the solution F-1 and the solution G-1.

TABLE 1 23
(Solution A-1) - (Solution B-1)

Emulsion amount added - amount added
EM 1| - 554 mg 333 mg
EM 2 | 554 mg 333 mg
EM 3 646 mg 2560 mg 30

One minute after completion of the addition of the
solution E-1, pAg of EM-1 was adjusted to 10.5 with
the solution F-1 and after conducting the deformation 15
treatment of the grains according to the present inven-
tion by stirring for 10 minutes, the pH was adjusted to
6.0 with the solution G-1. |

The pH of EM-2 was adjusted to 6.0 with the solution
G-1 one minute after completion of the addition of E-1. 40

TABLE 2

Addition rate of solution

Time {ml/min.)

10

TABLE 3-continued

Addition rate of solution

9.00

(min) E-1 B-1 pAg pH 45
0.00 6.35 6.32 8.60 9.00
7.10 7.08 7.04 8.60 9.00
14,20 7.80 1.76 8.60 9.00
21.30 8.55 8.51 8.60 9.00 |
28.40 9.31 9.26 8.60 9.00 50
35.50 10.08 10.03 8.60 9.00
- 42.60 10.84 10.79 8.60 9.00
49.80 11.56 11.50 8.60 9.00
57.20 17.90 17.81 8.60 9.00
60.60 34.10 313.93 8.60 9,00
64.30 51,72 51.46 8.60 8.90
67.00 53.03 52.76 8.60 . 870 O
69.70 54.35 54.08 8.60 8.48
72.30 55.67 55.39 8.60 8.27
75.40 48.04 47.80 8.60 8.05
78.50 40.40 40.20 8.60 7.84
82,90 33.85 33.68 8.60 7.61
§7.20 27.30 27.16 8.60 7.50 60
TABLE 3
Addition rate of solution
Time (ml/min.) 65
(min) E-1 B-1 pAg pH
0.00 7.07 7.03 8.70 9.00
18.00 8.89 ~ 8.85 8.70

Time —__ (o/min)

(min) - E-l B-1 pAg pH
27.00 9,75 9.70 870 9.00
36.00 10.55 10.49 3.70  9.00
45,00 11.29 11.23 870  9.00
46.60 11.51 11.45 870  9.00
54.80 16.44 18.21 8.93  8.86
63.05 21.38 24.85 930  8.66
72.05 32.84 61.18 9.96 8.3
75.50 26.31 54.97 10.19  8.21
82.50 24.12 24.00 1020  8.04
90.06 21.89 21.78 1020  7.86
99.08 20.13 20.03 1020  7.66

108.00 19.25 19.16 1020  7.50

The pAg of EM-3 was adjusted to 10.4 with the solu-
tion F-1 two minutes after completion of the addition of
E-1, and further two minutes later, the pH was adjusted
to 6.0 with the solution G-1.

Next, the desalting and washing was carried out in a
conventional manner for each of the three kinds of
emulsions, and the mixture was dispersed in an aqueous
solution containing 127 g of ossein gelatin and the total
amount was adjusted to 3000 ml with distilled water,
followed further by adjustment to pAg 8.5 and pH 5.8 at
40° C. with the solutions F-1 and G-1.

The silver halide grains in the samples EM-1 to 3
obtained were found to have the shapes as shown in the
electron microscope photographs FIG. 5 to FIG. 7. As
can be seen in the Figures, EM-1 is the grain according
to the present invention having 12 concavities on the
surface, an average grain size of 1.60 um and a fluctua-
tion coefficient of grain size of 12%. EM-2 is a mono-
dispersed emulsion comprising 24-hedral grains having

(nn1) face corresponding to the grains before the defor-

mation treatment of EM-1, having an average grain size
of 1.60 um and a fluctuation coefficient of 11%. EM-3
is a octahedral grain, having an average grain size of
1.60 pm and a fluctuation coefficient of 11%. By use of
the above emulsions EM-1-3, single layer coated sam-
ples, and multi-layer color nega light-sensitive materials
having sensitivities of blue-sensitive, green-sensitive and-
red-sensitive layers were prepared, and their perfor-
mances were compared. .,

[Single layer coated sample]

After the optimum gold-sulfur sensitization was ap-
plied to EM-1-3 with addition of appropriate amounts
of sodium thiosulfate and sodium chloroaurate respec-
tively, 4-hydroxy-6-methyl-1,3,34,7-tetraazaindene and
1-phenyl-5-mercaptotetrazol were added, followed fur-
ther by addition of bis(vinylsulfonylmethyl) ether and
saponin before coating. The mixture was applied on a
transparent support to a silver content of 3.0 g/m? and
a gelatin content of 2.0 g/m? to prepare samples No.
1-No. 3. These samples were subjected to white light
exposure through an optical wedge by use of KS-1
model sensitometer (produced by Konishiroku Photo
Industry), and processed by a developing solution hav-
ing the following composition at 20° C. for about 10
minutes.

[Developing solution composition]

Metol | 6 g
Anhydrous sodium sulfite i 50 g
Hydroquinone 6 g
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-continued
[Developing solution composition]
Sodium carbonate 295 g
Potassium bromide 1.0 g

- (made up to one liter with addition of water)

The deveIOpéd samples were subjected to optical

density measurement with white light in a conventional

manner to determine fog and sensitivity.

Fog . .. Value obtained by detracting the support den-
| sity, and the mask density (in the case of the light-sen-

- sitive material by use of a colored coupler) from

- mmimum optical density of the so called characteris-
tic curve obtained by sensitometry. Fog is higher as
this value is greater, and is not desirable.

Sensitivity . Remprocal value of the dose (genume
value) whlch gives the optical density of the mini-
mum optical density +0.1 on the characteristic curve
(in the Table showing the results of Examples, repre-
sented in terms of relative value with the sensitivity

10

15

20

- of the control emulsion as being 100). Sensitivity is

higher as this value is greater, and preferable.
The results obtained are shown in Table 4.

TABLE 4
Sample Emulsion used  Fog Relative sensitivity
No. I (Invention) EM-1 0.11 139
No. 2 (Control) EM-2 0.11 125
3 (Control) EM-3 0.13 100

As 1s apparent from the Table, the sample No. 1 by
use of the silver halide grains according to the present
invention is more excellent in sensitivity-fog character-
1stics than control samples No. 2 and No. 3.

[Multi-layer color nega light-sensitive material (called
overlaid sample)]

Chemical sensitization was applied in a conventional
manner to the emulsions EM-1 to EM-3 prepared as
~ described above, and color light-sensitive materials

having the three kinds of light-sensitive layers of blue-
sensitive, green-sensitive and red-sensitive layers were
prepared. The emulsions of EM-1 to EM-3 applied with
chemical sensitization were used in the green-sensitive

25

30

35

high sensitive layer (GH) or the blue-sensitive high 43

sensitivity layer (GB) as shown in Table-6. In other
light-sensitive layers, entirely the common emulsions
were used for respective samples.

Samples were prepared by providing the respective
layers shown below by coatmg on a transparent support

~ (Base) comprising cellulose triacetate film applied with

subbing working and having a halation preventive layer
(containing 0.40 g of black colloidal silver and 3.0 g of
gelatin). In all the Examples shown below, the amount
added in the light-sensitive material shows the amount
per 1 m?, and the silver halide emulsion and colloidal
silver were shown as calculated on silver.

Low sensitivity red-sensitive layer (RL) ... A low-
sensitivity red-sensitive emulsion layer contauung 14 g
of a low-sensitivity red-sensitive silver iodobromide
(containing 7 mol % of silver iodide) which has been
color sensitized to red-sensitive, 1.2 g of gelatin and 0.65
g of tricresil phosphate (TCP) containing dissolved
therein 0.8 g of 1-hydroxy-4-(3-methoxyethylaminocar-
bonylmethoxy)-N-[3-(2,4-di-t-amylphenoxy)butyl]-2-
naphthoamide [hereinafter called C-1], 0.075 g of
1-hydroxy-4-[4-(1-hydroxy-§-6-acetamide-3,6-disulfo-
20-(2,4-di-t-amylphenoxy)butyl-2-naphthoamide diso-

20

33

60

65

12

dium [hereinafter called colored cyan coupler (CC-1)]

and 0.015 g of 1-hydroxy-2-[6-(2,4-di-t-amylphenoxy)n-

butyl]-naphthoamide, 0.07 g of 4-octadecylsuccinimide-
2-(1-phenyl-5-tetrazolylthio)-1-indanone  [hereinafter

called DIR compound (D-1)].

RH . .. A high-sensitivity red-sensitive emulsion layer

~containing 1.3 g of a high-sensitivity red-sensitive
silver iodobromide emulsion, 1.2 g of gelatin and 0.23
g of TCP containing 0.21 g of the cyan coupler (C-1)
and 0.02 g of the colored cyan coupler (CC-1) dis-
solved therein.

I...An intermediate layer containing 0.04 g of n-dibu-
tyl phthalate [hereinafter called DBP] having 0.07 g
of 2,5-di-t-octylhydroquinone [hereinafter called anti-
staining agent (HQ-1)] dissolved therein and 0.8 g of
gelatin.

GL ... A low-sensitivity green-sensitive emulsion layer
containing 0.80 g of a low-sensitivity silver iodobro-
mide (containing 6 mol % of silver iodide) which has
been color sensitized to green-sensitive, 2.2 g of gela-
tin and 0.95 g of TCP containing 0.8 g of 1-(2,4,6-tri-
chlorophenyl)-3-[3-(2,4-di-t-amylphenox-
yacetamide)benzamide]-5-pyrazolone  (hereinafter
called magenta coupler (M-1)), 0.15 g of 1-(2,4,6-tri-
chlorophenyl)-4-(1-naphthylazo)-3-( 2-chloro-5-
octadecenylsuccinimideanilino)-5-pyrazolone [here-
inafter called colored magenta coupler (CM-1)] and
0.016 g of the DIR compound (D-1) dissolved
therein.

GH . . . A high-sensitivity green-sensitive emulsion

layer containing 1.8 g of a high-sensitivity green-sen-

sitive silver iodobromide emulsion which has been
color sensitized to green-sensitive, 1.9 g of gelatin and

0.25 g of TCP containing 0.20 g of magenta coupler

(M-1) and 0.049 g of the colored magenta coupler

(CM-1) dissolved therein.

. A yellow filter layer containing 0.15 g of yellow
colloidal silver, 0.11 g of DBP having 0.2 g of the
anti-staining agent (HQ-1) dissolved therein and 1.5 g
of gelatin.

BL . .. A low-sensitivity blue-sensitive emulsion layer
containing 0.2 g of a low-sensitivity silver iodobro-
mide emulsion (containing 4 mol % of silver iodide)
which has been color sensitized to blue-sensitive, 1.9
g of gelatin and 0.6 g of TCP having 1.5 g of a-pivar-
oyl-a-(1-benzyl-2-phenyl-3,5-dioxoimidazolidin-4-
yl)-2'-chloro-5'-[a-dodecyloxy-carbonyl)ethoxycar-
bonyl]acetoanilide [hereinafter called Y-1] dissolved
therein.

Y.

BH . .. A high-sensitivity blue-sensitive emulsion layer
containing 1.0 g of a high-sensitivity silver iodobro-
mide emulsion which has been color sensitized to
blue-sensitive, 1.5 g of gelatin and 0.65 g of TCP
having 1.30 g of the yellow coupler (Y-1) dissolved
therein.

Pr ... A protective layer consisting mainly of gelatin.

TABLE 5
Layer consti- Layer consti- l.ayer consti-
~ tution 1 tution II tution I11
Pr Pr Pr
BH BH BH
BL I BL
Y | GH Y
GH | GH
GL RH I
[ | RH
RH ' BL I
RL - | I GL
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TABLE 5-contmued S -contmued
Layer consti- o Layer constl- Layer consti- . . -_ (made up to I liter with acldmon Gf water)
- - tution 1 - tution 11 B tution II1 _'
| Base - - . GL I g _ - | o L |
L o 7 o gpr . 2 Thedeveloped sample was subjected to measurement
g - 3 S ._ RL -
RL . Base -of optical density by use of blue light (B) or green light
_Base .. -(G) and sensitivity and fog were evaluated similarly as =

E are shown in Table—? to Table-10.

The contents of' the respectwe samples were made as

10

shown in Table-6 I T TABLE 7
| | | TABLEG R  _ - | | Sample | -'Measuremgnt R L
Sample  Layer  BHlayer  GH layer —— . lieht  Fog  Sensitivity Remark
~No. = constitution . emulsiﬂﬂ:use_d.. -~ emulsionused - - ."14.' o G_' IEET -_;022' o 100 | _"_Co_nt;r;::-_l o
. _ e _j e — g 03 0 G020 - 113 Control
g o i R gﬁg o gﬁg -6 G 018 - 125  Invention
6 1 EM3  EMI '
7 H EM3 EM 3 o . _
2o " EM3 - EMLI 70 Sample ".Measurement | | R - :
i? - g I gﬁ% R gﬁ; 77 No. light ‘Fog  Sensitivity = Remark =
2  m EM3 - EM3 1 G 0.23 100 Control
13 Inmr EM3 = " EM2 c 8 .G 022 110 - Control N
14 m EM 3 - EMI 9 -G 01 118 Invention
- Samples No. 6, 9, 11, 14 are samples ar.:cordmg tothe o TABLE 9
- present invention, and others are comparative samples ' -
o d b f Sample.. | -.ME&S“"E“‘E‘"I P o
- Each sample was given wedge exposure by use of No. ltght --_Fog_ B sensitivity.a - Remark
| '-;.'white light, and the developmg processmg shewn . - - — - —
£ | 7 - B - .__0_.18_ 100 .~ Control
'-JbEIOW was per Ofme‘l o 30 10 OB 005 121 . Control

11 . B ... 013 132 Invention

- Pr_oc_ess_iﬁg stéps (processing tempér_ature_. 38° 'C;)"- R | B
: Color developing == 3 min. 15sec. | o TABLE 10

- Bleaching . = = . 6min, 30sec. L ""S"""'- l"" o M | ‘ — —
Water washmg o - 3min, 13sec. . '.35_' a;?pe -Ea?:lr;mEF | £a g tvt R mﬁi‘k -
- Fixing ~ o 6min30sec. BV TO08 W oensitivity —Remark
- Water washmg | 3 min. 15 sec. | 12 - G 0.21 100 Control
Stabilizing - - 1 min. 30 sec. | | 13 - G 0.21 115 Control
Drying . 14 | G 0.18 121 Invention
%
| 40
The processing liquor compositions employed in the From the above Tables, it can be clearly seen that the
respective processing steps are shown below.  fog-sensitivity performance of the layer in which the
| ‘emulsion EM-1 of the present invention is excellent as
IColor develonme solmroed ——————————  compared with the case when the control EM-2 or
[Color developing solution] _ - 45 EM-3 1s used in every layer constitution.
4-Amine-3-methyl-N—ethyl-No— - 475 g
(B-hydroxyethyl)-aniline sulfate | | - EXAMPLE 2
Anhydrous sodium sulfite | | 425 g | | o o
Hydroxylamine } sulfate 20 g By use of the five kinds of solutions shown below,
gﬂ;ydfius PO;RSSIW carbonate 3'{? g silver bromide emulsions EM-4 to 6 were prepared. As
odium bromide | | Jog A a o | : : :
Nitrilotriacetic acid trisodium salt (monc:hydrate) | 25 g 50 the seed em.ulSIPn’ a sitver bromide emulsmp havmg' an
Potassium hydroxide 1.0 g average grain size of 0.25 um and a fluctuation coeffici-
(made up to 1 liter with addition of water) | ~ent of grain size distribution of 12% was used.
[Bleaching solution] | | B
Ethylenediaminetetraacetic acid ammonium salt 100.0 g | '
Ethylenediaminetetraacetic acid diammonium salt =~ 10.0 g 55 (Solution A-2) |
Ammonium bromide : | 150.0 g Ossein gelatin | 854 g
Glacial acetic acid - 100 ml- pDigtilled water - |  R460 ml
(made up to 1 liter with addition of water, | - Polyisopropylene-polyethyleneoxy- 75 ml -

~and adjusted to pH 6.0

disuccinic acid ester sodium salt 10%
with ammonium water)

Ethanolic aqueous solution

[Fixing solution] - | | - | - - 60 4-Hydroxy-6-methyl-1,3,3a,7-tetra- amount as shown
Ammonium thiosulfate o | . 1750 g © " azaindene | in Table-11
Anhydrous sodium sulfite . . 86 g 28% Adqueous ammonia solution 130 ml -
Sodium metasulfite - S | 23 g - 56% Adqueous acetic acid solution . 60 mi
{made up to 1 liter with addition of water, | Seed emulsion = amount correspond-
and adjusted to pH 6.0 | - | | | | . ing to 0.1379 mol
with acetic acid) o | | 65 (Solution B-2) | '

[Stabilizing solution} . : -. __ Ossein gelatm . | - !{}D_g |
Formalin (37% aqueous solution) o 15 ml -  KBr P 1224 g -
Konidax (produced by Komshlroku Photo 7.5 ml | 4»Hydroxy-6-methyl 1,3, Sa 7-tetra- amount as shown

Industry K.K) | azaindene | ~in Table-11

- . in the case of the single layer coated sample The results o



4,769,315

-continued
Disttlled water 4480 ml
(Solution E-2)
AgNO; | 1515 g 5
28% Aqueous ammonia solution 1236 ml _

Made up to 4246 ml with addition of

- distilled water.

(Solution F-2)
50% KBr aqueous solution amount necessary

for pAg adjustment 10
(Solution G-2)

56% Acetic acid solution amount necessary

for pH adjustment

At 40° C,, the solutions E-2 and B-2 were added to (5
the solution A-2 by the simultaneous mixing method by
use of the mixing stirrer as shown in Japanese Unexam-
ined Patent Publication Nos. 92523/1982 and
92524/1982. pAg, pH and the addition rates of E-2 and
B-2 during simultaneous mixing were controlled as 5
shown in Table 12 for EM-4 and 5, and as shown in
Table 13 for EM-6. The pAg and pH were controlled
by varying the flow rates of the solution F-2 and the
solution G-2 by means of a flow rate variable roller tube
pump. | | 25

The pAg of EM-4 was adjusted to 10.5 with the solu-
tion F-2 one minute after completion of the addition of
the solution E-2 and, after stirring was continued for 10
minutes, the pH was adjusted to 6.0 with the solution
G-2. 30

The pH of EM-5 was adjusted to 6.0 with the solution
G-2 one minute after completion of the addition of the
solution of E-2.

Also, the pAg of EM-6 was adjusted to 10.4 with the
solution F-2 two minutes after completion of the addi- 35

tion of E-2, and further two minutes later, the pH was
adjusted to 6.0 with the solution G-2. |

Next, each emulsion was subjected to desalting and
water washing in a conventional manner and dispersed

in an aqueous solution containing 141 g of ossein gelatin, 40

then made up to the total quantity of 3750 ml with
distilled water, followed further by adjustment of pAg
8.9 and pH.5.8 at 40° C. with the use of the solution F-2
and G-2.

16
TABLE 13

Addition rate of solution

Time (mi/min.)

(min.) E-2 B-2 PAg pH
0.00 6.53 6.46 920  9.00
9.00 9.60 9.50 920  8.97
16.70 21.09 20.88 9.20  8.94

23.00 32.67 32.34 920  8.90

29.20 49.94 49.44 9.20  8.84

33.60 65.90 65.24 9.20  8.78

37.70 76.50 75.74 9.30 8.7

42.90 $4.83 83.98 9.43 8.61

47.25 86.83 85.96 9.55 8.52

53.65 84.08 83.24 9.73 8.39

58.35 77.48 76.71 9.85 8.29

64.85 65.18 64.53 1000  8.18

72.10 62.32 61.70 1000  8.07

77.30 59,88 59,28 1000  8.00

m

As the result of observation by an electron micro-
scope, EM-4 was confirmed to be a mono-dispersed
emulsion comprising grains of the present invention
having 8 concavities on the surface and having an aver-
age grain size of 1.0 um and a fluctuation coefficient of
grain size distribution of 12%. On the other hand, the
control emulsion EM-5 was found to comprise 24-
hedral grains having (nnl) face, while EM-6 comprise
octahedral grains, each having an average grain size of
1.0 um and a fluctuation coefficient of 11%.

By use of EM-4 to 6, single layer coated samples No.
15 to 17 were prepared according to the same method as
in Example 1 and performances were compared to give
the results as shown in Table-14.

- TABLE 14
Sample Emulsion used - Fog Relative sensitivity
No. 15 EM 4 0.08 131
(Invention) -
No. 16 EM 5 0.08 122
{Control)
No. 17 EM6 0.09 100
(Control)

As can be seen from Table-14 , the sample No. 15 by
use of the grains according to the present invention is
clearly superior in fog-sensitivity characteristic to con-

TABLE 11 45 trol samples No. 16 and No. 17.
(Solution A-2) (Solution B-2) EXAMPLE 3
Emulsi . .
— amount added amount added By use of the seven kinds of solutions shown below,
gﬁ ;' gg me :ggg me core/shell type silver iodobromide emulsions EM-7 to 9
EM & 5B - g 0 in which the silver iodide content is varied from the
— grain surface to the inner portion as 0.3 mol %, 5 mol %
and 15% were prepared. As the seed emulsion, a mono-
TABLE 12 dispersed silver iodobromide emulsion containing 6 mol
Addition rate of solution | 7 of silver iodobromide and having an average grain
Time (mi/min.) 33 size of 0.8 um and a fluctuation coefficient of grain size
(min.) E-2 B-2 pAg  pH distribution of 10% was employed.
e LA
0.00 8.09 8.01 8.60 9.00
1.30 15.02 14.87 8.60 8.97 Solution A.3
11.85 21.80 21.58 860 895 (Solution A-3)
17.90 33.91 33.57 8.60 8.91 60 Ossein gelatin 22.5 g
24.00 49 28 48.79 8.60 8.85 Distilled water 6850 ml
30.00 63.51 62.87 8.60 R.77 Polyisopropylene-polyethyleneoxy- 20 ml
' 34.80 76.07 75.31 2 60 8.69 disuccinic acid ester sodium salt 10%
39.85 90.26 89.36 8.60 8.59 Ethanolic aqueous solution
45.00 105.70 104.64 .60 R 47 4-Hydroxy-6-methyl-1,3,3a,7-tetra- amount as shown
50.15 122.30 121.08 8.60 8.32- 65 azaindene | | in Table-15
55.30 139.90 138.50 3.60 3.16 28% Aqueous ammonia solution 469 ml
60.00 148.80 147.31 R .60 R.00 56% Aqueous acetic acid solution 258 ml

Seed emulsion amount correspond-

ing to 0.8828 mol
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-continued
(Solution B-3) _
Ossemn gelatin 24 g
KBr 848 g
Kl - 209 g
4-Hydroxy-6-methyl-1,3,3a,7-tetra- amount as shown
azaindene in Table-15
Distilled water 1978 mi
(Solution C-3)
Ossein gelatin 24 g
KBr | 948 g
Kli 69.7 g
4-Hydroxy-6-methyl-1,3,3a,7-tetra- amount as shown
azaindene in Table-15
Distilled water 1978 ml
(Solution D-3)
Ossein gelatin 40 g
KBr 1660 g
KI 6.97 g
4-Hydroxy-6-methyl-1,3,3a,7-tetra- amount as shown
azaindene | in Table-15
Distilled water 3296 ml]
(Solution E-3)
AgNO; 1109 g
28% Aqueous ammonia 904 ml

Made up to 1866 ml with addition of
distilled water. |

(Solution F-3)

30% KBr aqueous solution

amount necessary
for pAg adjustment

(Solution G-3)

56% Acetic acid solution

amount necessary
for pH adjustment

At 50° C,, the solutions E-3 and B-3 were added to
the solution A-3 by the simultaneous mixing method by
use of a mixing stirrer shown in Japanese Unexamined
patent publications Nos. 92523/1982 and 92524/1982,
and C-3 added simultaneously with completion of the
addition of B-3 and D-3 added simultaneously with
completion of the addition of C-3. The pAg and pH and

10

15

20

25

30

35

the addition rates of E-3 , B-3, C-3 and D-3 during -

simultaneous mixing were controlled as shown in Table
16 for EM-7 and 8, and as shown in Table 17 for EM-9.
The pAg and pH were controlled by varying the flow
rates of the solution F-3 and a solution G-3 by means of
a flow rate variable roller tube pump. |

The pAg of EM-7 was adjusted to 10.5 with the solu-
tion F-3 one minute after completion of the addition of
the solution E-3 and, after stirring was continued for 10
minutes, the pH was adjusted to 6.0 with the solution
G-3. | |

The pH of EM-8 was adjusted to 6.0 with the solution
(G-3 one minute after completion of the addition of the
solution E-3.

Also, the pAg of EM-9 was adjusted to 10.4 with the
solution F-3 two minutes after completion of the addi-

45

30

35

tion of the solution E-3, and further two minutes later

the pH was adjusted to 6.0 with the solution G-3.
- Next, each emulsion was subjected to desalting and
water washing in a conventional manner, dispersed in

60

an aqueous solution containing 127 g of ossein gelatin

and then made up to a total amount of 3000 ml with

4,769,315
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TABLE 15
- {Solution
D-3)
Emul-  (Solution A-3) (Solution B-3) (Solution C-3) amount
sion amount added amount added amount added added
EM 7 625 mg 375 mg 375 mg 625 mg
EM 8§ 625 mg 375 mg 375 mg 625 mg
EM 9 646 mg 2560 mg 2560 mg 4268 mg
TABLE 16
Addition rate of solution

Time __ (ml/min)

(min) E-3 B-3 C-3 D-3 pAg nH
0.00 6.44 6.38 0 0 §.60 9.00
16.95 7.90 7.82 0 0 ' 3.00
31.24 9.06- 8.97 0 0 ! 9.00
51.40 10.57 1046 10.46 0 ' 9.00
38.30 14.00 0 13.86 0 " 9.00
62.05 17.70 0 17.53 0 ' 5.00
64.95 23.31 0 23.08 0 " 9.00
6640  28.99 0 28.70 0 " 9.00
67.65 33.26 0 32.92 0 " 8.97
73.90 37.89 - O 37.51 0 " 8.635
77.00 40,29 0 39.89 0 " 8.48
80.50 43,15 0 42,72  42.72 "’ 8.26
81.30 43.74 0 0 43.30 " 8.22
85.10 41.38 0 0 40.96 " 8.00
8§7.60 39.30 0 0 38.91 ' 7.85
93.58 28.68 0 0 28.39 ' 1.57
95.55 26.40 0 0 26.14 ' 7.50

TABLE 17
Addition rate of solution

Time _~~ (m/min)

(min) E-3 B-3 C-3 D-3 PAg pH
0.00 1.07 7.00 — - 8.70 9.00
18.00 8.89 8.80 — s 8.70 9.00
27.00 9.75 0.65 — e 8.70 9.00
36.00 10.55 10.45 — S~ 8.70 9.00
45.00 11.29 11.18 e — 8.70 9.00
46.60 11.51 1140 11.40 - 8.70 9.00
54.80 16.44  — 18.12 — 8.93 8.86
63.05 21.38 — 24.73 e 9.30 8.66
72.05 32.84 — 60.87 — 9.96  8.31
75.50 26.31 — 54.69 e 10.19 8.21
82.50 24.12 — 23.88  23.88 10.20 8.04
90.06 21.89 — —_— 21.67 10.20 7.86
99.08 20.13 — - 19.93 10.20 7.66

108.00 19.25 — —_ 19.06 10.20 7.50

As the result of observation by an electron micro-
scope, EM-7 according to the present invention was
confirmed to be a mono-dispersed emulsion comprising
grains having 12 concavities on the surface and having
an average grain size of 1.60 um and a fluctuation coef-
ficient of grain size distribution of 13% . On the other
hand, the control emulsion EM-8 was found to be a
mono-dispersed emulsion comprising 24-hedral grains
having (nnl) face and having an average grain size of 1.6
pm and a fluctuation coefficient of grain size distribu-
tion of 12% , while EM-9 an emulsion comprising octa-
hedral grains having a mean grain size of 1.60 um and a

fluctuation coefficient of 11%.
By use of the above EM-7 to 9, multi-layer color

light-sensitive materials No. 18 to No. 23 with the con-

distilled water, followed further by adjustment of pAg 65 tents as shown in Table-18 were prepared similarly as in

8.5 and pH 5.8 at 40° C. with the use of the solutions F-3
and G-3.

Example 1 and their performances were compared. The
characteristics of the respective samples were found to be

-as shown in Tables 19 to 20.
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TABLE-18 -continued
Sample ‘Layer BH layer GH layer of distilled water.
No. structure emulsion used emulsion used (Solution G-4)
18 I EM 3 EM 9 5 65% Acetic acid solution 2000 ml]
19 I EM 3 EM 8
20 I EM 3 EM 7 |
2] I EM 9 EM 3 TABLE-21
22 I EM 8 EM 3
23 I EM 7 EM 3 4-Hydroxy-6-methyl-1,3,3a,7-
10 tetraazaindene amount added (mg)
Emulsion No. Solution A-4 . Solution B-4
TABLE-19 EM-10 128 549
Sample Measurement EM-11 128 )49
No. light Fog Sensitivity Remark EM-12 0 - O
18 G 0.24 100 Control 15
19 G g-i‘; :gg ICO"“'_OI For each emulsion, at 40° C., the solutions A-4, B-4
20 G ' gvention and E-4 were added according to the double jet method
under stirring by use of a miXing stirrer as shown in
TABLE-20 Japanese unexamined patent publ{cgtlons Nos.
20 58288/1983 and 58289/1983. The addition rate was
Sample Measurement . d in sh £ 2 flexed 1i ith addit; .
No. light Fog Sensitivity Remark lncreaS? in snape€ Or a 1iexe ‘ 1Ine WIE ' adadition time as
shown in Table 22. Also, during addition of each solu-
21 B 0.19 100 Control ‘ .
29 B 0.17 109 Control tton, the pAg of the. mixture was controlled to 8.0 (EAg
23 B 0.17 129 Invention value+ 100 mV) with the solution F-4, and the pH of

p As can be seen from the Tables, the samples No. 20
and No. 23 containing the grains of the present inven-
tion exhibit excellent performances in both fog and
sensitivity. - |

EXAMPLE 4

Preparation of a silver chlorobromide emulsion con-
taining 50 mol % of silver bromide and having an aver-
age grain size of 1.0 um.

According to the recipes shown below, the emulsion
EM-10 and the control emulsions EM-11 and 12 each
containing 50 mol % of silver bromide and having an
average grain size of 1.0 um were prepared.

(Solution A-4)

Ossein gelatin 575 g
Distilled water 6900 mi
Polyisopropylene-polyethyleneoxy- 6.5 mi

disuccinic acid ester sodium salt 10%
Ethanolic aqueous solution

4-Hydroxy-6-methyl-1,3,3a,7-tetra- amount as shown
azaindene in Table-21

36% Aqueous acetic acid solution 28 ml

NH4OH 1.76 mol

Seed emulsion (a monodispersed silver
chlorobromide emulsion having an
average grain size of 0.33 um and
containing 50 mol % of silver bromide)

amount correspond-
ing to 0.254 mol

(Solution B-4)

Ossein gelatin 48 g
KBr 428.4 g
Na(Cl 2104 ¢
Polyisopropylene-polyethyleneoxy- - 4.8 ml

disuccinic acid ester sodium salt 10%
Ethanolic aqueous solution

. 4-Hydroxy-6-methyl-1,3,3a,7-tetra-
azaindene

Made up to 2400 ml with addition
of distilled water.

(Solution E4)

AgNO;

Distilled water

NH4OH

Made up to 2400 ml with addition
of distilled water. |

(Solution F-4)

KBr
Na(Cl
Made up to 2000 ml with addition

amount as shown
in Table-21

1223 g
672 mi
15.12 mol

0.948 g
116.2 g

25

30

35

45
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the mixture was controlled so as to be lowered with
time as shown in ‘Table 22 with the solution G-4. The
solutions B-4, E-4, G-4 and F-4 were added by use of a
flow rate variable type roller tube quantitative metering
purnp.

The pAg of EM-10 was adjusted to 8.8 with the solu-
tion F-4 two minutes after completion of addition of the
solutions B-4 and E-4 and, after stirring was continued
for 1 hour, the pH was adjusted to 6.0 with the solution
G-4.

The pH of EM-11 and 12 was adjusted to 6.0 with the
solution G-4 two minutes after completion of the addi-
tion of the solutions B-4 and E-4. Subsequently, water
washing and desalting of the emulsions were performed
according to the following operations. The emulsion
was agglomerated with addition of 913 ml of an aqueous
3% solutions of Demol N (produced by Kao Atlas Co.)
and 691 ml of an aqueous 20% magnesium sulfate solu-
tion as the precipitating agent. After precipitation by
stationary standing, the supernatent was decanted and
the precipitate was again dispersed with addition of
15375 ml of distilled water. After agglomeration and
precipitation of the emulsion again by addition of 541
ml of an aqueous 20% magnesium sulfate solution, the
supernatent was decanted and 1000 ml of an aqueous
ossein gelatin solution (containing 80 g of ossein gelatin)
was added. After dispersed by stirring at 40° C. for 20
minutes, the total amount was made up to 5000 ml with
distilled water. Further, the pAg at 40° C. was adjusted
to 7.5 with the solution F-4.

As the result of observation by a nelectron micro-
scope, EM-10 was confirmed to be a mono-dispersed
emulsion containing the rains according to the present
invention having 12 concavities on the surface and hav-
Ing an average grain size of 1.03 um and a fluctuation
coeffictent of grain size distribution of 9.9% . On the
other hand, the control emulsion EM-11 was found to
be a mono-dispersed emulsion comprising 24-hedral
grains having (nnl) face and having a mean grain size of
1.03 pm and a fluctuation coefficeint of grain size distri-
bution of 9.7%, while EM-12 an emulsion comprising
cubic grains having an average grain size of 1.01 um
and a fluctuation coefficient of 8.7%.
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TABLE 22 |
Addition time Addition rate of solution

-continued_
Hydroxyaminesulfate 2 g
‘4-Amino-methyl-N—ethyl-N-(8- methanesulfene- | Sg

~ amidoethyb)-aniline

(made up to 1 liter with addltlen of water; pH 10.2)

!Steggmg selutlen!

2% Aqueous acetic solution

(Fixing solution) |

Ammonium thiosulfate 1750 g
Anhydrous sodium sulfite | | - 3.6 g
Sodium metasulfite - 23

(made up to 1 liter with addition of water, and adjusted
to pH 6.0 with acetic acid).

N gBleaeh- 1XIng sdlutien!- '

- (min) E-4 (ml/min) -  pH
——— R
2.9 8.8 8.98 '
5.4 100 - 8.97
7.6 11.0 8.96
116 13.0 2.93
16.5 15.6 3.90
22.0 18.8 .85
26.7 21.7 g0 10
33.5 26.3 3.71
39.4 30.5 3.62
458 354 851
51.4 40.0 8.40
60.0 47.6 826
67.4 54.6 813 - 15
74.3 61.5 8.00

[Preparation of ligh't-sensitive material]

Each 0.353 mol of EM-10 to EM-12 was optimally 20

applied with chemical sensitization by addition of so-
dium thiosulfate. Next, separately, 103 g of a yellow
coupler (the compound shown below) was dissolved by
heating at 60° C. in a mixture of 62 g of dioctyl phthal-

ate and 150 ml of ethyl acetate, and the resultant solu-

tion was added to 1000 ml of an aqueous solution of 40°

C. containing 60g gelatin and 5.1 g of sodium dodecyl
benzene sulfcnate. After dispersed by vigorous stirring _

by a homogenizer, the whole mixture was made up to
1500 ml with water to prepare an emulsion of the cou-
pler

Cl
om
~ CHy~C—COCHCONH

l
CH;

t-CsHj

CO=-N—CH> _

Each 0. 118 mol of the emulsmns applied with the

above chemical sensitization was mixed with 500 ml
with the above emulsion of the coupler and 20 ml of a
3% methanolic solution of 1,3,5- -triacryloyl-hexahydro-

trladme as the film hardener was added before coating

on a polyethylene resin coated paper (samples No.
24-No. 26).

-After each of the above samples was exposed to blue

' llght through an optical wedge, the following process-
ing was conducted, followed by measurement

- [Processing steps] [Temperatum] o [Time] - -
- . Color dﬂvelopmg RO 1 i ORI | _];__-;-'ﬁ_i:miﬁ_ SR
.+  Stopping-- S awe Lmin - -
. Fixing. . 0 30°C.. . 2min
e Water washmg . 30 C 0 - 2min. -
- ‘Bleach-fixing - 30" C. - - 2min
Water washing 30° C. 2 min

M

(Composition of color developing solution)

Anhydrous sodium carbonate | 20g
Anhydrous sodium bicarbonate 35g 65
Potassium sulfite | 18 g
Sodium chloride | - - 02¢g
Potassium bromide | - - 1l3g

Potassium hydroxide | | | 0.4 g

- Solution -B-5 e
jOssem gelatm PSR SRR B .48 g ;

| _idlsuccmle 3e1d ester sodlum salt 1{3\%

Ammonium thiosulfate | 100 g
Potassium sulfite S5g .
Na[Fe(EDTA)} | 40 g
EDTA | 1 4g

(made up to 1 liter with addition of water)

The respective samples obtained were found to ex-
hibit sensitivities and fog as shown in Table 23.

L TABLE-23 |
a Relative
Sample | Emulsion used Fog sensitivity
M ’
No. 24 (Invention) EM-10 0.04 142
No. 25 (Control) EM-11 0.04 131
No. 26 (Control) EM-12 0.05 100

As can be seen from the Table, the Sample No. 24 by

) use of the silver halide grains according to the present

Invention is more excellent in sensitivity-fog character-
IStIC than control samples No. 25 and 26.

EXAMPLE 5

Preparation of silver chlorobromide emulsion con-
taining 15 mol % of silver bromlde and having an aver-
age grain size of 1.0 pum.

According to the recipes shown below, the emulsion
according to the present invention (EM 13) and control

' emulsion (EM-14, 15) each containing 15 mol % of

silver bromide and having an average grain size of 1.0
pm were prepared.

(Solirtion A-J)

- Ossein gelatin . 57.5 g

Distilled water - 6900 mli
Polyisopropylene-polyethyleneoxy- 6.5 m]
disuccinic acid ester sodium salt 10%

Ethanolic aqueous solution

4-Hydroxy-6-methyl-1,3,3a,7-tetra- amount as sh'ewn

azaindene in Table-24
36% Adqueous acetic acid solution 28 ml
" NH4OH 1.76 mol

Seed emulsion (a monodispersed silver
chlorobromide emulsion having an
average grain size of 0.40 um and
containing 15 mol % of silver bromide)

amount correspond-
ing to 0.452 mol

'i':;f,Nac--:-I ----- S B 357, 7 e

o 48ml
Ethanolic aqueous solution

4-Hydroxy-6-methyl-1,3,3a,7-tetra- amount as shown

azaindene in Table-24
Made up to 2400 ml with addition
of distilled water.
(Solution E-5) |

- AgNO; 1223 ¢
Distilled water - | 672 ml
NH40OH 15.12 mol



- 65% Acetic acid solution
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-continued

Made up to 2400 ml with addition
of distilled water.

(Solution F-3)

KBr

NaCl

Made up to 2000 ml with addition

of distilled water.
(Solution G-5

0.168 g )
116.8 g

2000 ml 10

TABLE-24

4-Hydroxy-6-methyl-1,3,3a,7-
tetraazaindene amount added (mg)

Emulston No. Solution A-5 Solution B-5 15
EM-13 56 682
EM-14 56 682
EM-15 0 0

20

For each emulsion, at 40° C., the solutions B-5 and
E-5 were added to the solution A-5 according to the
~ double jet method under stirring by use of a mixing
stirréer as shown in Japanese Patent Publications Nos.
58288/1983 and 58289/1983. The addition rate was 55
increased in shape of a flexed line with addition time as
shown 1n Table 25. Also, during addition of each solu-
tion, the pAg of the mixture was controlled to 8.8 (EAg
value+- 52 mV) with the solution F-5, and also the pH of
the mixture was controlled so as to be lowered with 4,
time with a solution G-5. The solutions B-5, E-5, F-5
and G-5 were added by use of flow rate variable type
roller tube quantitative metering pump.

The pAg of EM-13 was adjusted to 8.9 with the solu-
tion F-5 two minutes after completion of the addition of ;5
the solutions B-5 and E-5 and, after stirring was contin-
ued for one hour, the pH was adjusted to 6.0 with the
solution G-35. -

The pH of EM-14 and 15 was adjusted to 6.0 with the
- solution G-5 two minutes after completion addition of 4,
- the solutions B-5 and E-5. Next, water washing and
desalting of the emulsion was conducted according to
the following operations. The emulsion was agglomer-
ated with addition of 913 ml of an aqueous 5% solution
of Demol N (produced by Kao Atlas Co.) and 691 ml of 45
an aqueous 20% magnesium sulfate as the precipitating
agents. After precipitation by stationary standing, the
supernatent was decanted and the precipitate was again
dispersed by addition of 15375 ml of distilled water.
After agglomerating and precipitating again the emul-
sion with addition of 541 ml of an aqueous 20% magne-
sium sulfate solution, the supernatent was decanted and
1000 ml of an aqueous solution of ossein glatin (contain-
ing 80 g of ossein gelatin) was added. After dispersed
- with stirring at 40° C. for 20 minutes, the total amount
was made up to 5000 ml with distilled water.

Further, the pAg at 40° C. was adjusted to 7.5 with
- the solution F-5. -

As the result of observation by an electromicroscope,
- EM-13 was confirmed to contain the grains according
to the present invention having 8 or 12 concavities on
the surface and having an average grain size of 1.01 um
and a fluctuation coefficient of grain size distribution of
9.8% . On the other hand, the control emulsion EM-14
was found to be a mono-dispersed emulsion comprising 65
24-hedral grains having (nnl) face and having a naver-
age grain size of 1.01 um and a fluctuation coefficient of
grain size distribution of 9.6%, while EM-15 an emul-

50
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sion comprising cubic grains having an average grain
size of 1.03 um and a fluctuation coefficient of 9.1%.

TABLE-25
Addition time Addition rate of solution
(min) 5-C (ml/min) pH
0.0 9.3 9.00
2.3 10.8 8.98
4.4 12,3 8.97
7.8 5.4 8.94
11.8 20.1 8.91
15.9 26.4 8.85
20.5 34.6 8.78
25.3 43.4 8.67
30.2 52.6 8.55
35.2 61.0 8.39
40.2 70.0 8.27
45.0 76.9 8.15
50.4 8.00

80.3

By use of the above EM-13 to 15, light-sensitive ma-
terials No. 27 to 29 were prepared and the performances
were compared.

The characteristics of the respective materials were
found to be as shown in Table-26.

TABLE-26
Relative
Sample Emulsion used Fog sensitivity
No. 27 EM-13 0.04 139
No. 28 EM-14 0.05 135
No. 29 EM-15 0.09 100

As i1s apparent from the Table, the sample No. 27 by
use of the silver halide grains according to the present
invention is more excellent in sensitivity-fog character-
istic than the control samples No. 28 and 29.

EXAMPLE 6

The 24-hedral mono-dispersed silver iodobromide
emulsion EM-2 prepared in Example 1 was adjusted to
pAg 9.5 at 50° C. with addition of an aqueous KBr
solution and, after stirring for 10 minutes, the tempera-
ture was lowered to 40° C. and pAg was adjusted to 8.5
by addition of an aqueous AgNOQOj solution (the treat-
ment method according to the present invention) to
prepare EM-16.

Similarly, EM-2 was adjusted to pAg 10.2 at 60° C.
with addition of an aqueous KBr solution and after
stirring for 3 hours, the temperature was lowered to 40°
C. and an aqueous AgNOj solution was added to adjust
pAg to 8.5 to prepare EM-17.

As the result of observation by an electron micro-
scope, EM-17 was found to contain grains having 12
concavities on the surface, thus exhibiting clear differ-
ence from EM-2, but there was no distinct this differ-
ence between EM-2 and EM-16. When single layer
coated samples were prepared according to the same
method as in Example 1, and fog and sensitivity were
measured, both EM-16 and 17 had higher sensitivities
than EM-2 as shown in Table 27. From this result, it can
be seen that the treatment method of the present inven-
tion is useful for supplying high sensitivity emulsion,
particularly effective when concavities are generated.

TABLE 27
Emulsion Relative
Sample used Fog sensitivity Remark
No. 2 EM?2 0.11 100 Control
No. 30 EM16 0.11 109 Invention
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TABLE 27-continued
Emulsion Relative
Sample used Fog sensitivity Remark
No. 31 EMI17 0.13 115 Invention
We claim:

1. A silver halide grain which has 8 to 12 concavities
on the surface. |

2. The silver halide grain according to claim 1,
wherein the silver halide constituting the said grain
- comprises silver chloride, silver bromide, silver chloro-
bromide, silver iodobromide or silver chloroiodobro-
mide.

3. The silver halide grain according to claim 2,
wherein said silver iodobromide or said chloroiodobro-
mide contains silver iodide in an amount of 40 mol % or
less.

4. The silver halide grain according to claim 1,
wherein said grain is prepared by treating a silver halide

grain comprising a normal crystal of the silver halide,

under pAg which is higher than the average pAg of the
mother liquor during formation of said grain.

5. The silver halide grain according to claim 4,
wherein said grain is prepared by treating a silver halide
grain having the (110) face and/or the (nnl) face, under
pPAg which 1s higher than the average pAg of the
mother liquor during formation of said grain.

6. The silver halide grain according to claim 5,
wherein said treating of said grain is performed under

pAg of 9.0 or more in case of silver halide constituting

said grain is silver bromide, silver iodobromide or silver
chloroiodobromide and under pAg of 7.0 or more in

5
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case of silver halide constituting said grain is silver

‘chlorobromide.

7. The silver halide gfain according to claim 1,
wherein said grain is mono-dispersed.
8. The silver halide grain according to claim 1,

wherein said grain has an average dlameter of 0.1 t0 0.3
um.

9. The silver halide grain according to claim 1,
wherein said treating of said grain is performed at a
period before initiation of chemical aging.

10. A photographical light-sensitive material contain-
ing a silver halide grain comprising 8 to 12 concavities
on the surface.

11. The photographical light-sensitive material ac-
cording to claim 10, wherein said grain is applied to the
layer with higher sensitivity when said material has at
least two kinds of emulsion layers with different sensi-
tivities.

12. The silver halide grain of claim 2 having 8 con-
cavities on its surface.

13. The silver halide grain of claim 2 having 12 con-
cavities on its surface.

14. The silver halide grain of claim 3 having 8 con-
cavities on its surface.

- 15. The silver halide of claim 3 having 12 concavities
on its surface.

16. The silver halide grain of claim 6 having 8 con-
cavities on its surface.

17. The silver halide of claim 6 having 12 concavities
on its surface.

18. The silver halide grain of claim 8 having 8 con-
cavities on its surface.

19. The silver halide of claim 8 having 12 concavities

on its surface.
| - T T T I
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